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Neuroenhancement (NE), the use of substances as a means to enhance performance,
has garnered considerable scientific attention of late. While ethical and epidemiological
publications on the topic accumulate, there is a lack of theory-driven psychological
research that aims at understanding psychological drivers of NE. In this perspective
article we argue that self-control strength offers a promising theory-based approach
to further understand and investigate NE behavior. Using the strength model of self-
control, we derive two theory-driven perspectives on NE-self-control research. First, we
propose that individual differences in state/trait self-control strength differentially affect
NE behavior based on one’s individual experience of NE use. Building upon this, we
outline promising research questions that (will) further elucidate our understanding of NE
based on the strength model’s propositions. Second, we discuss evidence indicating that
popular NE substances (like Methylphenidate) may counteract imminent losses of self-
control strength. We outline how further research on NE’s effects on the ego-depletion
effect may further broaden our understanding of the strength model of self-control.
Keywords: ego depletion, neuroenhancement, self-control, self-regulation
Introduction
A survey recently published in Nature revealed that one out of five respondents admitted having
previously used substances as a means to enhance cognitive performance (Maher, 2008). The results
of this survey fueled considerable research activity in the field of this so called Neuroenhancement
(NE). We understand NE as a behavior that occurs within a defined means-end relation. This means
a substance is being used as a means to enhance cognitive performance (Wolff and Brand, 2013;
Wolff et al., 2014). Drug Instrumentalization Theory (DI-Theory) proposes that the means-end
relationship that underlies such non-addictive drug use can be understood as a two-step process:
“(1) the seeking and consumption of a psychoactive drug in order to change the present mental
state into a previously learned mental state, which then allows for, (2) better performance of other,
previously established behaviors and better goal achievement” (Mueller and Schumann, 2011).
Understanding NE from the perspective of DI-Theory, an individual uses a substance with the aim
of changing his or her current mental state (e.g., being tired and not concentrated) into a more
desirable state (e.g., being alert and able to focus), which then allows for better performance. From a
psychological perspective it is not important if the chosen substance is actually effective in enhancing
performance. The assumed functionality attributed to a substance is seen as the driving force behind
NE behavior (Wolff and Brand, 2013; Maier and Schaub, 2015). NE has therefore been defined as a
healthy individuals’ use of (psychoactive) substances under the assumption of these substances being
functional means in order to enhance his or her already proficient cognitive capacities (Wolff et al.,
2014).
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Depending on what type of substances are subsumed under the
NE concept by the extant research on NE, the reported prevalence
rates vary to a great extent. Lifestyle drug NE (e.g., Red Bull) is
the most prevalent with reported rates as high as 89% (Mache
et al., 2012). Prescription drugNE (e.g., Ritalin) and illicit drugNE
(e.g., Speed) are reported at much lower rates of well below 10%
(e.g., McCabe et al., 2005, 2012; Teter et al., 2006). However, the
real prevalence rates for prescription drugs and illicit substances
NE may be much higher as social desirability is likely to bias
the results: Using randomized response techniques, the 1 year
prevalence rate of prescription drug NE has for example been
found to be as high as 20% (Dietz et al., 2013). In our further
discussion of NE, we follow the behavioral definition of NE and
subsume all three variants (i.e., lifestyle drug, or soft; Maier and
Schaub, 2015, prescription drug and illicit drug NE) under the NE
concept.
The potential negative effects of lifestyle NE substances on
health are mostly unknown to the general public (Rath, 2012).
For instance, high levels of caffeine and sugar in lifestyle products
can be associated with nervousness, headaches, and tachycardia
(Clauson et al., 2008). Even caffeine related deaths have been
reported (Clauson et al., 2008).
The high prevalence rates (e.g., McCabe et al., 2005, 2012;
Teter et al., 2006) and the potential negative health consequences
(e.g., Clauson et al., 2008; Rath, 2012) that are associated with
the most frequently used drugs underline the necessity to get a
better understanding of why individuals start and/or continue to
neuroenhance. However, past research on NE has been mostly
conducted rather unsystematically, as for instance psychological
correlates of NE behavior have been collected mostly in an
explorative manner as part of epidemiological approaches at
the expense of theory-driven, experimental approaches (e.g.,
Weyandt et al., 2009; Mache et al., 2012). As an exception, one
recent study applied the strength model of self-control (Baumeister,
2003; Baumeister et al., 2007) to predict first time NE behavior in
an experimental setting (Wolff et al., 2013). While not explicitly
focused on NE behavior, another experiment has investigated
the effect of Methylphenidate (a substance commonly used for
NE) on self-control strength (Sripada et al., 2014). Finally, a very
recent field study investigated the relationship of trait self-control
strength and doping intentions (Chan et al., 2015). Based on the
few theory-driven approaches toNE, self-control strength (or self-
control demanding situations) seems to play an important role
in NE behavior. We therefore think that the relationship between
self-control andNE (and other forms of drug instrumentalization)
warrants further investigation. We will explain our theoretical
assumptions in more detail in the following sections.
The Strength Model of Self-control
Self-control describes the ability to volitionally regulate ones’
behavior or predominant response tendencies in order to achieve
a desirable goal (e.g., Baumeister et al., 1994, 2007). For instance,
while being on a diet one has to resist tempting but high caloric
drinks or snacks in order to achieve the long term goal of
losing weight (e.g., Kahan et al., 2003). However, self-control
does not always work and the strength model of self-control
offers a potential explanation for lapses in self-regulatory behavior
(Baumeister et al., 1998). According to Baumeister et al. (1994)
all self-control acts (e.g., emotion regulation, persistence) are
empowered by one global metaphorical resource. There are inter-
individual differences in the capacity of this resource as some
individuals are more adept in regulating themselves than others
(i.e., trait self-control strength; e.g., Tangney et al., 2004). In
general, this self-control strength has a limited capacity meaning
that it can become temporarily depleted after having exerted self-
control strength, which is a state labeled ego depletion (i.e., state
self-control strength; e.g., Muraven and Baumeister, 2000). In
a state of ego depletion self-control deficits are more likely to
occur as there is less self-control strength available to volitionally
regulate ones’ behavior (cf., Muraven and Baumeister, 2000).
The effect of ego depletion is not domain-specific, meaning
that previous acts of self-control in one domain (e.g., thought
regulation) can have a negative carry-over effect on self-control
performance in other, seemingly unrelated domains (e.g., emotion
regulation; cf., Englert and Bertrams, 2013). Previous research
has found a reliable effect of ego depletion on subsequent self-
control performance as Hagger et al. (2010) report a medium-to-
large effect of ego depletion on subsequent self-control in their
meta-analysis.
Important for the present paper is the finding that under ego
depletion individuals have a tendency to fall back onto their
dominant behavioral tendencies (Govorun and Payne, 2006). For
instance, restraint eaters are more likely to consume candy under
ego depletion (Kahan et al., 2003; Hofmann et al., 2007) and in the
same vein at-risk drinkers are more prone to relapses in a state of
ego depletion (Ostafin et al., 2008).
Self-control and NE
The strength model of self-control (e.g., Baumeister et al.,
1994) allows for theoretically derived hypotheses regarding the
self-control-NE relationship. Based on the strength models’
predictions and the existing empirical evidence (e.g., Hagger et al.,
2010) this relationship does not seem to be a trivial one. First, NE
and self-control seem to be associated in a reciprocal fashion: Self-
control strength is associated with NE behavior (e.g., Wolff et al.,
2013) and NE substances may also affect the availability of self-
control resources (Sripada et al., 2014). Second, they seem to be
associated both on amacro and on amicro level: On amacro level,
trait differences in self-control are associated with differences in
functional (e.g., doping in sports) and non-functional (e.g., illicit
drugs) substance abuse (Chan et al., 2015). On a micro level,
temporary depletion of self-control resources affects decisions
to consume substances as a function of one’s history with such
substance use behaviors (Wolff et al., 2013). In the following we
will discuss these propositions in more detail.
Self-control Resources Affect NE Behavior
As previously mentioned, individuals have a tendency to follow
their regular habits or behavioral tendencies in a state of ego
depletion (Govorun and Payne, 2006). Govorun and Payne found
out that participants in a state of ego depletion were more likely to
rely on their automatic behavioral tendencies which in that case
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was the tendency to rely on their stereotypes (i.e., an automatically
activated response tendency) in a decision task. On the contrary,
participants with temporarily available self-control strength were
more likely to suppress their stereotypes and to respond in a more
desirable manner.
Based on these findings, ego-depletion should thus
differentially affect NE behavior as a function of one’s history
with NE. If depleted, a regular user would be expected to
neuroenhance as it is his or her dominant behavioral response
tendency. This prediction is in line with the stereotypical image
of an overwhelmed student who takes Ritalin® to meet an
assignment deadline or a manager who—before an important
meeting—takes cocaine to perform better. However, for first-
time NE users the predictions are reversed: If one has never
used NE before, ego-depletion is predicted to elicit the dominant
behavioral response which would then be to abstain from using
a substance. This second prediction was investigated in a recent
experiment (Wolff et al., 2013): Participants who had no history
with NE were randomly assigned to a depletion or a non-
depletion condition. After having worked on either a depleting
or a non-depleting task, they were then informed that they would
be asked to complete a cognitively demanding task after a short
break. In this break they were given the opportunity to potentially
enhance their performance with a caffeinated granulate. In line
with the theoretical predictions, the depleted participants were
actually significantly less likely to use the provided substance.
So in this study, higher levels of state self-control strength
were actually associated with a higher tendency to use NE to
improve performance, indicating that higher levels of self-control
strength were rather negative. This underlines the importance
of self-control resources in the decision to neuroenhance for the
first time and invites further research on the self-control-NE
relationship. Most importantly, thus far the prediction that
depletion leads to NE in habitual users has not been investigated
and needs to be tested in future studies.
Chan et al. (2015) recently investigated how trait self-control
strength is associated with athletes’ attitudes toward doping
and the intentions of using substances to improve athletic
performance. The authors found out that athletes with lower
levels of trait self-control strength were more likely to have a
heightened attitude and intention toward doping in general, and a
reduced intention, behavioral adherence, and awareness of doping
avoidance. Even though this study did not test how temporary
levels of self-control strength affect actual NE behavior it gives
a first indication that trait self-control strength also plays an
important role in the self-control-NE relationship that needs to
be investigated in more detail.
NE Substances Can Affect Self-control
Resources
In the previous section we discussed the complex relationship
of ego depletion and the likelihood to use NE as a function
of one’s NE experience. However, NE use may also be an
adaptive behavior as it may help to replenish depleted self-control
strength more quickly. A recent study investigated the effects of
a popular NE substance on state self-control strength (Sripada
et al., 2014). Specifically, the study revealed that Methylphenidate
was effective in preventing ego-depletion states in an experimental
setting. Participants from a Methylphenidate condition that
had performed a primary self-control task did not display the
typical impaired performance in a second self-control task, while
participants from a control condition that did not consume
Methylphenidate showed the typical ego depletion effect. Even
though Sripada et al. (2014) did not explicitly focus on NE,
their study gives an indication that some NE substances may
alleviate ego depletion effects. This is important, as alleviation of
depleted self-control strength might be a mediating variable in
the subjective effectiveness individuals assign to an NE substance.
This alleviation potential may thus be one explanation for the
popularity of certain NE substances. Further, this research shows
that self-control and NE seem to be associated in a bidirectional
way. However, thus far it has not been sufficiently investigated
how NE and ego depletion are interrelated. More research is
needed to investigate how and why NE substances can replenish
one’s self-control strength and how this potentially affects further
NE behavior.
Discussion
In the present paper, we argued for a theory-driven approach to
investigate NE as thus far research in this field has been mostly
conducted explorative. We identified the strength model of self-
control (Baumeister et al., 1998) as a promising candidate theory.
Self-control and NE seem to be interrelated in a bidirectional
manner: Self-control resources affect the initiation of NE behavior
depending on one’s personal NE experience (Wolff et al., 2013).
Trait self-control strength is also related with one’s attitude
toward NE and the intentions of consuming NE (Chan et al.,
2015). NE substances can also affect the availability of self-
control resources as certain substances may lead to a quicker
revitalization of depleted self-control strength (Sripada et al.,
2014). We reviewed research that can be seen as a first step to
investigate both directions andoutlined further research questions
that would allow for theory-driven experimental research on
NE.
The ethical verdict and policy implications on NE are still
heavily debated (e.g., Farah et al., 2004; Greely et al., 2008; Forlini
and Racine, 2009). The goal of this article was not to take a side
in this debate as we do not recommend taking certain substances
to replenish depleted self-control strength. We rather wanted
to provide a theoretical backdrop for conducting psychological
research on the initiation and the effects of NE. We are convinced
that the complex relationship of NE and self-control warrants
further investigation and will allow for a deeper understanding of
this behavioral trend.
Author Contributions
CE and WW substantially contributed to the writing of the
manuscript. Both authors approve the final version of the
manuscript. The authors agree to be accountable for all aspects
of the work in ensuring that questions related to the accuracy or
integrity of any part of the work are appropriately investigated and
resolved.
Frontiers in Psychology | www.frontiersin.org September 2015 | Volume 6 | Article 14253
Englert and Wolff Neuroenhancement and self-control
References
Baumeister, R. F. (2003). Ego depletion and self-regulation failure: a
resource model of self-control. Alcohol. Clin. Exp. Res. 27, 281–284. doi:
10.1097/01.ALC.0000060879.61384.A4
Baumeister, R. F., Bratslavsky, E., Muraven, M., and Tice, D. M. (1998). Ego
depletion: is the active self a limited resource? J. Personal. Soc. Psychol. 74,
1252–1265. doi: 10.1037/0022-3514.74.5.1252
Baumeister, R. F., Heatherton, T. F., and Tice, D. M. (1994). Losing Control: How and
Why People Fail at Self-regulation. San Diego, CA: Academic Press.
Baumeister, R. F., Vohs, K. D., and Tice, D. M. (2007). The strength model
of self-control. Curr. Dir. Psychol. Sci. 16, 351–355. doi: 10.1111/j.1467-
8721.2007.00534.x
Chan,D.K.C., Lentillon-Kaestner,V.,Dimmock, J. A.,Donovan, R. J., Keatley,D.A.,
Hardcastle, S. J., et al. (2015). Self-control, self-regulation, and doping in sport:
a test of the strength-energy model. J. Sport Exerc. Psychol. 37, 199–206. doi:
10.1123/jsep.2014-0250
Clauson, K. A., Shields, K. M., McQueen, C. E., and Persad, N. (2008). Safety issues
associated with commercially available energy drinks. J. Am. Pharm. Assoc. 48,
55–66. doi: 10.1331/JAPhA.2008.07055
Dietz, P., Striegel, H., Franke, A. G., Lieb, K., Simon, P., and Ulrich, R. (2013).
Randomized response estimates for the 12-month prevalence of cognitive-
enhancing drug use in university students. Pharmacotherapy 33, 44–50. doi:
10.1002/phar.1166
Englert, C., and Bertrams, A. (2013). The role of self-control strength in the
development of state anxiety in test situations. Psychol. Rep. 112, 976–991. doi:
10.2466/15.10.PR0.112.3.976-991
Farah,M. J., Illes, J., Cook-Deegan, R., Gardner, H., Kandel, E., King, P., et al. (2004).
Neurocognitive enhancement: what can we do and what should we do?Nat. Rev.
Neurosci. 5, 421–425. doi: 10.1038/nrn1390
Forlini, C., and Racine, E. (2009). Autonomy and coercion in academic “cognitive
enhancement” using Methylphenidate: perspectives of key stakeholders.
Neuroethics 2, 163–177. doi: 10.1007/s12152-009-9043-y
Govorun, O., and Payne, B. K. (2006). Ego-depletion and prejudice: separating
automatic and controlled components. Soc. Cogn. 24, 111–136. doi:
10.1521/soco.2006.24.2.111
Greely, H., Sahakian, B., Harris, J., Kessler, R. C., Gazzaniga, M., Campbell, M. P., et
al. (2008). Towards responsible use of cognitive-enhancing drugs by the healthy.
Nature 456, 702–705. doi: 10.1038/456702a
Hagger, M. S., Wood, C., Stiff, C., and Chatzisarantis, N. L. D. (2010). Ego depletion
and the strength model of self-control: a meta-analysis. Psychol. Bull. 136,
495–525. doi: 10.1037/a0019486
Hofmann, W., Rauch, W., and Gawronski, B. (2007). And deplete us not into
temptation: automatic attitudes, dietary restraint, and self-regulatory resources
as determinants of eating behavior. J. Exp. Soc. Psychol. 43, 497–504. doi:
10.1016/j.jesp.2006.05.004
Kahan, D., Polivy, J., and Herman, C. P. (2003). Conformity and dietary
disinhibition: a test of the ego-strength model of self-regulation. Int. J. Eat.
Disord. 33, 165–171. doi: 10.1002/eat.10132
Mache, S., Eickenhorst, M., Vitzthum, K., Klapp, B. F., and Groneberg, D. A.
(2012). Cognitive-enhancing substance use at German universities: frequency,
reasons and gender differences. Wien. Med. Wochenschr. 162, 262–271. doi:
10.1007/s10354-012-0115-y
Maher, B. (2008). Poll results: look who’s doping. Nature 452, 674–675. doi:
10.1038/452674a
Maier, L. J., and Schaub, M. P. (2015). The use of prescription drugs and drugs
of abuse for neuroenhancement in Europe: not widespread but a reality. Eur.
Psychol. 20, 155–166. doi: 10.1027/1016-9040/a000228
McCabe, S. E., Knight, J. R., Teter, C. J., and Wechser, H. (2005). Non-medical
use of prescription stimulants among US college students: prevalence and
correlates from a national survey. Addiction 100, 96–106. doi: 10.1111/j.1360-
0443.2005.00944.x
McCabe, S. E., West, B. T., Teter, C. J., and Boyd, C. J. (2012). Medical
and nonmedical use of prescription opioids among high school seniors
in the United States. Arch. Pediatr. Adolesc. Med. 166, 797–802. doi:
10.1001/archpediatrics.2012.85
Mueller, C. P., and Schumann, G. (2011). Drugs as instruments: a new framework
for non-addictive psychoactive drug use. Behav. Brain Sci. 34, 293–310. doi:
10.1017/S0140525X11000057
Muraven, M., and Baumeister, R. F. (2000). Self-regulation and depletion of limited
resources: does self-control resemble a muscle? Psychol. Bull. 126, 247–259. doi:
10.1037/0033-2909.126.2.247
Ostafin, B. D., Marlatt, G. A., and Greenwald, A. G. (2008). Drinking without
thinking: an implicit measure of alcohol motivation predicts failure to
control alcohol use. Behav. Res. Ther. 46, 1210–1219. doi: 10.1016/j.brat.2008.
08.003
Rath, M. (2012). Energy drinks: what is all the hype? The dangers of energy
drink consumption. J. Am. Acad. Nurse Pract. 24, 70–76. doi: 10.1111/j.1745-
7599.2011.00689.x
Sripada, C., Kessler, D., and Jonides, J. (2014). Methylphenidate blocks effort-
induced depletion of regulatory control in healthy volunteers. Psychol. Sci. 25,
1227–1234. doi: 10.1177/0956797614526415
Tangney, J. P., Baumeister, R. F., and Boone, A. L. (2004). High self-control predicts
good adjustment, less pathology, better grades, and interpersonal success. J. Pers.
72, 271–324. doi: 10.1111/j.0022-3506.2004.00263.x
Teter, C. J., McCabe, S. E., LaGrange, K., Cranford, J. A., and Boyd, C. J. (2006).
Illicit use of specific prescription stimulants among college students: prevalence,
motives, and routes of administration. Pharmacotherapy 26, 1501–1510. doi:
10.1592/phco.26.10.1501
Weyandt, L. L., Janusis, G., Wilson, K. G., Verdi, G., Paquin, G., Lopes, J., et
al. (2009). Nonmedical prescription stimulant use among a sample of college
students relationship with psychological variables. J. Atten. Disord. 13, 284–296.
doi: 10.1177/1087054709342212
Wolff, W., Baumgarten, F., and Brand, R. (2013). Reduced self-control leads to
disregard of an unfamiliar behavioral option: an experimental approach to the
study of neuroenhancement. Subst. Abuse Treat. Prev. Policy 8, 41–41. doi:
10.1186/1747-597X-8-41
Wolff, W., and Brand, R. (2013). Subjective stressors in school and their
relation to neuroenhancement: a behavioral perspective on students’ everyday
life “doping”. Subst. Abuse Treat. Prev. Policy 8, 23. doi: 10.1186/1747-
597x-8-23
Wolff, W., Brand, R., Baumgarten, F., Lösel, J., and Ziegler, M. (2014).
Modeling students’ instrumental (mis-)use of substances to enhance cognitive
performance: neuroenhancement in the light of job-demands-resources theory.
Biopsychosocial Med. 8, 12. doi: 10.1186/1751-0759-8-12
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2015 Englert and Wolff. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) or
licensor are credited and that the original publication in this journal is cited, in
accordance with accepted academic practice. No use, distribution or reproduction is
permitted which does not comply with these terms.
Frontiers in Psychology | www.frontiersin.org September 2015 | Volume 6 | Article 14254
